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= GlZis a German Federal Organization for the sustainable development
through international cooperation

= The organization works in more than 130 countries world wide and has
been 25 years in Chile.

= Together with the chilean Energy Ministry the project “Solar Energy for
Power and Heat Generation” has been developed, dedicated to the solar
energy self-generation.

= Other projects developed by the energy program 4E ofGIZ:

= CSP and large scale PV plants
= Efficient cogeneration
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Roof-top PV — the new market in Chile

..the legal framework for self-consumption and feed- Inis in place.....
..there is market potential and economic feasibility  .......
..However, some barriers still exist.......

..but many initiatives underway to remove the barrie IS......
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Roof-top PV — Legal Framework
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Norma 4
(NCH Elec.
4/2003)

Self consumption'with feed-in

feed-in

Self consumption

= Distribution company remunerates regulated energy price (59,2 CLP/KWh (8,6 ct
USS$) in Santiago)
= Customers with power connection < 10 kW pay integrated price per energy and grid
fee (102,3 CLP/kWh (14,8 ct US$) in Santiago => Net Billing
= Customers with power connections > 10 kW pay for energy and grid separately
-> Net Metering
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Self consumption'with feed-in

Installations up to 9 MW can sell excess
energy on spot-market, via PPA, or based
on regulated wholesale prices

g I Z Deutsche Gesellschaft e MS oot cir Zd:| Ihlldt foaza
fiir Internationale y sequr
Zusammenarbeit (61Z) GmbH
PMGD
(small and Norma 4
medium scale (NCH Elec.
distributed 4/2003)
generation)
feed-in Self consumption

It is also possible to use 100% of
produced electricity without feed-in to

the network
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Roof-top PV — Legal Framework

http://www.minenergia.cl/ley20571/

Ministerio de  |SSSS £

v

D ) . g Maximo Pacheco M. “La ley de generacion distribuida es el primer paso para la
: : MASSTRO OF ENERGIN

democratizacién de la energia: garantiza el derecho de los
clientes de las empresas distribuidoras a generar su propia
energia eléctrica, autoconsumirla y vender sus excedentes
energéticos. Ademas, promueve el uso de las energias
renovables no convencionales y los sistemas de
cogeneracion eficiente, lo que estd en linea con nuestro

Ley 20.571 para la Generacion
fetieed Distribuida
Goblerno de Chile '—""‘"“"‘ =

Inicio Preguntas frecuentes Clientes Resigenciales y Pymes Otros Clientes Regulados Informacion Empresas Instaladoras
objetivo como pais de avanzar hacia una matriz energética
mas sustentable y diversificada”
¢Como funciona la Ley de Generacion Distribuida 20.571? @ @
Ejemplo de un Sistema Domiciliario Fotovoltaico
o e s W WL el e, Proceso de solicitud de conexion
‘ generando dos afras. o
“\k A 0 =) “‘ Para recibir noticias sobre materias relacionadas a la ley
o — Il“'!D i 8 “‘ 20.571 por correo electronico, escribanos a
oY (Y I | 1" Lt ley20571@minenergia.cl, utilizando la palabra “Inscribir”
pos o KRy s Lty 20571 en el asunto e indicAndonos su nombre y organizacién

(opcional).
El mversor translorma la electicidad producida por

ol carpo solat de comente contnua a comente
altema, de modo que pueda ver utikzada en lu
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..the legal framework for self-consumption and feed- Inis in place.....
..there is market potential and economic feasibility  .......

..However, some barriers still exist.......

..but many initiatives underway to remove the barrie IS......
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Market Potential and economic feasibility

= Correlation between regulated electricity prices and solar
irradiation.

= Higher electricity prices in the southern-central part of Chile drive
self-consumption market potential

* Top 25 BT
¢ Top 10 BT1
OTop1BT1
® Top 25 AT
© Top 10 AT
©Top 1AT

= ca. 600 thousand housholds
(11% of Santiago’s population)
with average incomes 3
million CLP/month. (c.a. US$
4.500)

r’L_] 0
o
k)
e D K ' Source: http://www.aimchile.cl/wp-
content/uploads/2011/12/Grupos_Socioeconomicos_AIM-2008.pdf
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Market Potential and economic feasibility

> 25 Technical and economic feasibility studies con ducted :
= Arica - Concepcion

= All Tariffs: BTla — AT4.3, clientes libres

= Various economic sectors: Residencial, SME, retail, industry, agriculture,
public sector, etc.

= Very high interested of clients/companies

4e ‘_""_‘.: .lz;“"?‘:‘:?‘::'::t“-“

PR —

lanta fotovoltaica para riego de un cultivo de frutillas, V Regio:
— Sector Agricola
ﬁ

ad Técni
Ec onomi de un Sistema FV par:
Autoconsumo Eléctrico

320000 68 FYecCON DHSs CINCRIND. AN - Chie

Estudio de Pre-Factibilidad Técnica y

Economica de un Sistema FV para
Autoconsumeo Eléctrico

Vifa vase Secre, vase oe Cacragen
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Market Potential and economic feasibility

Profitability depends on:
= Regular (grid) electricity cost vs. self-generated cost

= Capital cost/discount rate
= Share of self-consumption (for residential customers/m SMEs with BT1a)

Example in Santiago:

R: 2,6 kW at 1,3 Mio CLP kWp (incl. IVA) | Payback simple bayback (10%
C: 100 kW at1,0 Mio CLP kWp (sin IVA) discount rate)

Residential 50% self supply 9 years & 9 months

Residential 75% self supply 8 years & 7 months

MSMEs 100% self supply 7 years & 8 months | 13 years & 8
months

Commercial (AT 4.3) 10 years & 9 months | > 25 years
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Market Potential and economic feasibility

LCOE calculation for Calama:
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red values are higher than the current energy tariff for high tension tariff

(AT4.3)
LCOE [CLP/KWh] - 750 kW, Calama
Investment | 7% | 8% | 9% | 10% | 11% | 12% | 13% | 14% | 15%
[USD/KW]
1395 41.7 | 45.3 | 49.0 | 52.8 | 56.7 | 60.6 | 64.7 | 68.7 | 72.9
1550 46.4 | 50.4 | 54.5 | 58.7 | 63.0 | 67.4 | 71.8 | 76.4 | 81.0
1705 51.0 | 55.4 | 59.9 | 64.5 | 69.3 | 74.1 | 79.0 | 84.0 | 89.1
1860 55.7 | 60.4 | 65.4 | 70.4 | 75.6 | 80.8 | 86.2 | 91.7 | 97.2
2016 60.3 | 65.5 | 70.8 | 76.3 | 81.9 | 87.6 | 93.4 | 99.3 | 105.3
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Market starts very slowly — statistics of Net-Meteri ng/Billing (30.9.):
= Number of “solicitudes de conexion”: 366
= Number of connections “TE4” : 41 in process (674 kW), 15 inscribed (225 kW)

Conclusions from feasibility studies:
= High profitability expectation of Chilean clients
= payback <5 years and very high discount rate (10 — 20%)
-> Need for new business modells ,e.g. ESCO
= Lack of experience and confidence in purchasing PV-Systems or services
» [nsecurity regarding technical requirements
» Long decision process
-> Need for information and patience
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...some barriers still exist...

Prices in Chile still higher than the international price

Comparison of net cost of PV systems by Wp (May 2015)

5,0
s A A Chile
D 40
8 35 = Alemania
0 ’ _
£ 30 p =1
2 A 2,5
=9 n=15 | _
x 22,0 [ L n=15 4 n=12 1 n=13
— & - n=15
8_ 1,5 1.62 1.48
o 10 (70 kWp)(100 kWp) .
2 0,5
00

1 10 30 100 500 1000 1USD = 607,31 CLP
System Size [kWp] Banco Central de Chile

(13 May, 2015)
Source: GIZ Chile, Mercado Publico Chile
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...some barriers still exist...

More barriers: 49 s T
= Local banks usually do not finance small St

Catastro de empresas solares en Chile

scale projects Junio 2015
— , Ll T —
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= GebH, se ba eraizado on. 34 imstaincisn y renaracitn Termoso sww
catastro de emporsas solaces peesentes en Chile. Aayoa masoarzan.a
- X irsisndorSole www nefalssosaoarc
% Kanemp [—
* Approx. 150 PV-companies: e
- - I md 2 Lurmiscler s umsoae sl
reviun de bases de dmos de mocnsoess gremuales imformasdn O MR el o

e Mostly new and very small companies EESEESETEEENT e

with limited project experience ? i S
EE— - e

- . 4 Abengos Ché wwn nergas e Sigets
« only few local and international T
4 Fmogass Scuar Chvie SpA. wwa FOFES 2O 43 Sclw ool vale Renowaies W solrcenale ol
§ Accona WWA JDONA IO &4 Sclwgerer AR S0Margener s
- - - - - €& Ewcner Chie s slecnar ries. 45 SolSur w30t o
companies with intensive experience of -
e
I T, ST
rOOftOp'PV 3 :‘;:Tc ::"..:;Tr Listado empresas FV
y ﬂ“w“ n:;‘;hm;: 1 Apengoa Chie SA ww ITeNQ0s O
§  Cosmogias wa cosmopkas o i Aeis www yariechie com

§ Ezer wan ecerd 3 Anges Mamsyeam SA itg:imairsyesrmm comichte:
L] Aques Say waw SuBCHC 5
1 Ecoife m eccife.© & AREntgls waw rereriacl
Ecoprotn, energén post s ecopron of € Avica Sowr www arcanone.cl
mwn ECTROC] Ausran Sot e W L ITN ol o
wn ectel o £ Beteckic Chie Lica. wmw ceiacin: comeninternatic
e T rewcroorie




\- o ) Por encargo de:

AR | insterio Fderal do Wi Anisiene,
Deutsche Gesellschaft @ nde la Nt alez
S I z fir Internationale VS 9 d d Nuclea
S Zusammenarbeit (G1Z) GmbH

,,,,,,,,, e e dela Repblica Federal de Alemania

Roof-top PV — the new market in Chile

..the legal framework for self-consumption and feed- Inis in place.....
..there is market potential and economic feasibility  .......
..However, some barriers still exist.......

..but many initiatives underway to remove the barrie IS......



Porencargo de:
o g I Z Deutsche Gesellsohat *l:ﬂs gt for Z: Ild e
""""" = A | A Zusammenar belt (612) GmbH
,,,,,,,,, . dela Reptiblica Federal de Alemania
. act|V|t|es to remove the barriers.. oy Minsterio g

“Programa Techos Solares Publicos”

= 13 Mio. USD until 2018 for PV-Systems in public buildings Gobierno de Chile
= Open public tender for national and international PV enterprises.
= Size of installations between 5 — 100 kWp.
= Main Obijective:
= Mature the PV-rooftop market by public demand
* Provide information on costs and conditions
= Try and improve the legal framework
= Lower costs of energy in public buildings

www.minenergia.cl/techossolares
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...actlvmes to remove the barriers...

Legal and fiscal Analysis of PV-contracting/ESCO bu  siness
model for PV self-supply:
» The ESCO is owner and responsible for the equipment and

the electricity production R
= Customers buy the generated electricity

b/q

Modelo de Negocio

‘ Precio de la Energia - Autoconsumo giz -|>v— -
h 4
kWh
suministrado

- Inyeccidn de
excedentes a la red

Cliente - ) % S Tarificacion ley de
- generacion distribuida
CONTRATO TIPO DE SUMINISTRO DE
ENERGIA FOTOVOLTAICA
. ‘ Bienes Comunes J ::L'_“” e
Em presa Ascensores
eléctrica Inyeccién a la red eléctrica lluminacién pasillos
- = - i =N
distribuidora Reja eléctrica giz N sansim

Camaras de seguridad
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...act|V|t|es to remove the barriers...

“ . ” . . .. . . . Universidad de Tarapaca ':‘-I XV
= “solar laboratories” at six vocational training institutions

and universities to promote sufficient well-trained

installers. Universidad de Antofagasta

= Laboratories can be rented by companies or other training
centers for workshops or training of own technicians.

iversidad de Sanfiago
CFT ProAndes | i RM

niversidad de Talca

IP Virginio Gamez

PV system Solar laboratories
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Conclusion:
The roof-top PV market is up and coming

.... the legal framework for self-consumption and feed -inis in place.....

..... there is market potential and economic feasibili  ty.......

..... However, some barriers still exist.......

....but many initiatives underway to remove the barrie IS......
Recommendation:

« Enter the market with confidence and patience to co nvince the
potential customers.

« Offer contracting/ESCO-models and sell only electri city to the
customers.
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Muchas Gracias!
Tienen preguntas?

Matthias Grandel

Asesor Principal
Proyecto Energia Solar para la Generacion de Electricidad y Calor

maitthias.qgrandel@qiz.de

https://energypedia.info/wiki/Solar Energy for Electricity and Heat in Chile

www.4echile.cl, www.giz.de
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Application process for plants <100 kW under Net-Billing (simplified)

ork - one vear of Net-Billing/Metering
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Before the project Project implementation
I (6 months for installation and connecting afterfpproval through distribution grid operator)
[ \ [
Appliance for Answer Installation of  Announcement  Announcement Grid connection Inspectionof  Commissioning
grid connection (20 days) theplant  of commissioning of grid- contract grid connection  of the plant
customer customer customer
— = * distribution grid *  customer " R customer = cystomer = distribution grid *
distribution grid operator electricity grid e . & operator
operator -> supervisor SEC  distribution grid  gistribution grid
customer operator operator
Distribution grid Customer
operatoris  assigns work on
demanding  distribution grid
adjustments  and/or reduces -
= (Strengthening * plant capacity =2 e Customer need to pay for modification of the
of grid and/or distribution network, in case it is necessary.

lowering of plant
capacity)

Source: Biro F based on Ministerio de Energia, GIZ Chile

\
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LCOE calculation

Parameters for the calculation

Parameters Value Unit
Energy generation 1446720 kWh/ano
Generation annual losses 0.50%
unitary investment 1400-2000 USD/kW
Capacity 750 kw
Maintenance costs 0.5% % of the investment
Discount rate 7%-15%
Life time 20 Years
Soc. tax rate 22.5% % (source: Sll)
depreciation type Lineal
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Data for the profltablllty calculation

Capacity factor: 20%

System life time: 25 years (with a panels’ annual degradation of 0,5%)
Discount rate: 10%

Increase in the electricity price (buy and injection): 3,5%

Inflation: 2%

Annual maintenance cost: 2% of CAPEX

Residential BT1 Tariff (low tension 1), Chilectra distributer:
e Injection:59.5789 CLP/kWh (net)
 buy:102.636 CLP/kWh (with IVA)

AT4.3 tariff (high tension 4.3), Chilectra distributer
e Injection: 56,59 CLP/kWh
e buy:56,59 CLP/kWh

CAPEX 2,6 kW: 2.859.243 (net), with IVA 3.4 Mio. CLP, according to the price index and
offers (1.099.708 CLP/kWp (net)) = 1.308.653 CLP/kWp (with IVA)
CAPEX 100kW: 100 000 000 (net), according to the price index



